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(57) Abstract: There is described a 
process for the preparation of compounds 
of formula (1) starting from the reaction 
of the compounds of formulae (24), 
(25) and (26) to form the compound 
of formula (23), wherein in each case 
Ri. R2 and R3 arc each independently 
of the others an unsubstituled or 
substituted organic radical; R4 is 
hydrogen, unsubstituled or substituted 
Ci-Csalkyl, Ci-Cgalkoxy, phenoxy 
or benzyloxy, or halogen; Yi and Y2 
are each independently of the other 
hydrogen or a protecting group, or Yi 
and Y2 together are a protecting bridge; 
and Xi is hydrogen, an organic radical 
or a cation; and also novel intermediates. 
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Process for the preparation of pvrimidine derivatives 

The present invention relates to a process for the preparation of pyrimidlne derivatives and to 
novel intermediates. 

Pyrimidlne derivatives of fbrmuta (1 ) hereinbelow are known as pharmaceutical active 
ingredients or as precursors for the preparation thereof, for example from EP^-521 471. An 
important pyrimidine derivative is rosuvastatin. an HMG-CoA reductase inhibitor, that is to 
say an inhibitor of cholesterol biosynthesis, which is used in the treatment of iiyperiipo- 
proteinaemia and arteriosclerosis. Partial steps for the preparation of that active ingredient 
are known from, interna, WO 00/49014 and US-6 160 1 15. 

Known processes for the preparation of optically active pyrimidine compounds of formula (1) 
do not in alt cases meet the demands that are made of industrial hygiene, yield and the 
economic viability of the processes. 

The present Application is consequently based on the problem of making available a novel 
process for the preparation of pyrimidine compounds of fomfiula (1) by means of which such 
compounds can be obtained In as high a yield as possible and with good economic viabaity. 

The present invention accordingly relates to a process for the preparation of compounds of 
formula (1) 




(1). 



wherein 

Ri, R2 and R3 are each independently of the others an unsubstituted or substituted organic 
radical, 

R4 is hydrogen, unsubstituted or substituted Ci-CealkyI, Ct-Csalkoxy, phenoxy or benzyloxy, 
or halogen. 

Yi and Yz are each independently of the other hydrogen or a protecting group, or Yi and Y2 
together are a protecting bridge, and 
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Xi is hydrogen, an organic radical era cation, 

which pwcess comprises reading a compound of fonmula (2) 



Ri. R2, R3 and R4 are as defined hereinbefore, and 
X2 is the radical of a phosphorus derivative, 
with a compound of formula (3) 



wherein 

and Y4 are protecting groups, or Y3 and Y4 together are a protecting bridge, and 
Xi is as defined hereint^efore, 
to form a compound of formula (4) 



wherein 

Ri> Rzf R3> R4, Xi, Y3 and Y4 are as defined hereint)efore, and optionally converting the 
radicals Y3 and Y4 Into radicals Yi and Yj denoting hydrogen and optionally converting the 
radical Xi to denote a cation. The product may further be converted into a pharmaceuticatly 
acceptable salt or addition product, for example as described in WO 01/60804. 

As Ci-Caalkyl radicals for Ri there come into consideration, for example, methyl, ethyl, n- or 
Iso-propyi. n-, sec- or tert-butyl, or straight-chain or branched pentyl, hexyl, heptyl or octyl. 
CrC4Alkyt radicals are preferred. Ri is preferably propyl, especially isopropyi. 




(3), 




As Ci-CsalkyI radicals for R2, Rj, R4 and R5 there come into consideration, for example, 
methyl, ethyl, n- or iso-propyl, n-, sec- or tert-butyl, or straight-chain or branched pentyl. 
hexyl, heptyl or octyl. The mentioned alkyl radicals may be unsubstituted or substituted by. 
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for example, halogen, ag. fluorine. Corresponding Ci-C4alkyl radicals are preferred Special 
preference s given to methyl. 

As Ci-Cgalkyl radicals for Xi. R^, Ru and Ris there come into consideration, for example, 
methyl, ethyl, n- or iso-propyl, n-, sec- or tert-butyl, or straight-chain or branched pentyl, 
hexyl, heptyl or octy). As Ci-CGalky! radicals there come into consfderatton. for example, 
methyl, ethyl, n- or iso-propyl, n-, sec- or tert-butyl, or straight-chain or branched pentyl or 
hexyl. Ci-C4Alkyt radicals are, for example, methyl, ethyl, n- or iso-propyl, n-, sec- or tert- 
butyl. 

As Ci-Csalkoxy radical for R4 there come Into consideration espedaify Ci-C4alkoxy radicals 
such as. for example, noethoxy or ethoxy. As examples of the substituents of the alkoxy 
radicals, phenoxy or benzyloxy for R4 there may be mentioned Ci-C4alkyl, Ci-C4alkoxy, nitro, 
halogen or hydroxy, or phenyl which is unsubstituted or, for example, further sut>stituted on 
the phenyl ring by Ci-C4alkyt> Ci-C4alkoxy, nitro, halogen or by hydroxy. 

As organic radicals for R2, R3, R4 and R5, each independently of the others, there come into 
conskleration, for example, unsubstituted or sut>stituted alkyi, alkenyl, alkynyl or phenyl 
radicals. 

Special mention may be made of unsubstituted or substituted Ci-Ci2alkyl, CrCiealkenyl, 
CrCi2alkynyi or phenyl radicals. 

For R2, R3, R4 and Rs. each independently of the others, preference is given to unsubstituted 
or substituted alkyI radicals, preferably Ci-Ci2alkyl radicals, especially C^-Ceaikyr radicals, 
more especially Ci-Cgalkyl radicals and very especially Ci-C4alkyl radicals such as, for 
example, methyl, ethyl, n- or iso-propyl, n-, sec- or tert-butyl. 
As examples of substituents of the alkyl radicals there may be mentioned Ci-C4alkyl, 
Ci-C4aikoxy, nitro, halogen or hydroxy, or phenyl which is unsubstituted or, for example, 
further substituted on the phenyl ring by CrC4alkyl, CrC4alkoxy, nitro. halogen or by 
hydroxy. 

Special preference is given to R2, H3, R4 and Rs being, each independently of the others. 

unsubstituted CrC4alkyl radicals. 

Very special preference Is given to Ri being isopropyl. 

Very special preference is given to R2, R3 and R5 being methyl or ethyl. 
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As organic radicals for Xi, f^, R14 and Ris there come into consideration unsubstituted or 
substituted alkyl, allcenyl, alkynyl or phenyl radicals. Special mention may be made of 
unsubstituted or substituted Ci-Ci2allcyt, CrCi2a!kenyl. C3-Ci2ail(ynyl or phenyl radicals. 
Preference is given to Xi and Re being unsubstituted or substituted alkyl radicals, preferably 
Ci-Ci2alkyl radk:als and espedaOy Ci-C6alkyl radicals. As an example of substituents of the 
alkyl radicals there may be mentioned phenyl which is unsubstituted or, for example, further 
substituted on the phenyl ring by Ci-C4alkyl, Ci-C4alkoxy, nitro, halogen or by hydroxy. As 
examples of Xi and Re there may be mentioned methyl, ethyl, n- or isopropyl, n-, tso-. sec- or 
tert-butyl, allyl, benzyl, nitrobenzyl and hydroxy benzyl, with special preference being given to 
Xi being Ci-C4alkyl, preferably butyl and especially tert-butyl. Spedal preference is given to 
Re, Ri4 and Ris being methyl or ethyl. 

When the radical Xi is a catbn, it is preferably a cation that forms a pharmacologteally non- 
toxk: salt 

Suitable cations for Xi are, for example, alkali metal cattons, alkaline earth metal cations or 
ammonium tons. 

Alkali metal cations are, for example, sodium, potassium, lithium or caesium, especially 
sodium. 

Alkaline earth metal cations are, for example, calcium or magnesium, especially calcium. 
Special preference Is given to Xi as a cation being calcium. 

Halogen is fluorine, bromine, chlorine or fodine. especially in the compound of formula (12) 

iodine or bromine, and more especially bromine. 

As halogen for R4 there especially come Into consideration, for example, fluorine or chlorine, 
especially fluorine. 

Ri is preferably isopropyl. 

Preference is furthermore given to R2 and Ra being methyl and R4 being fluorine bonded in 
the 4-position. 

Preference is moreover given to Yi and Y2 being hydrogen and Xi being a catton. 
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As protecting groups for Yt, Yz^ Y3 and Y4 the groups that are customary for this purpose may 
be used. ConvenUonaf protecting groups are indicated in, for example, Protective Groups in 
Organic Synthesis, Th. W. Greene and P.G.M. Wuts, John Wiley & Sons, Second Edition. 
1991 (especiatty pages 118 to 142). 

Preference is given to Y^, Y2, Y3 and Y* as protecting groups being C,-C4alkylcarbonyl or silyi 
radicals; there also come into consideration protecting bridges wherein Yi and Yj, or Yg and 
Y4, together are an unsubstituted or substituted alkytene or silyl radical. Examples of 
Ci-C4ailcyIcarbonyl radicals that may be mentioned are, for example, methylcarfaonyf and 
ethylcartx)nyl. Suitable sllyl radicals are, for example, radicals of formula -SiRs wherein the 
radicals R are the same or different and are unsubstituted or phenyl-substituted Ci-CBallcyl. 
especially Ci-C4alkyl. or unsubstituted or substituted phenyl, wherein each of the mentioned 
phenyl radicals may be further sub^ituted, for example by Ci-C4a!kyl, halo-subsUtuted 
Ci-C4alkyl..Ci^4alicoxy, nitro or by halogen. The alkylene radicals and silyl radicals 
mentioned for the protecting bridges may be substituted, for example, by one or two of the 
radicals R defined abova 

As protecting bridges, special preference is given to radicals of formula 

X 

wherein Rb and R9 are each Independently of the other hydrogen, unsubstituted or phenyl- 
substituted CrCaalkyl or phenyl, it being possible for each of the mentioned phenyl radicals 
to be further substituted, for example by CrC4alky}, halo-substituted GrC4aikyi, Ci-C4a]koxy, 
nitro or by halogen. Preference is given to the phenyl radicals being unsubstituted. 

Re and R9 are preferably hydrogen, C,-G4alkyl, benzyl or phenyl, especially Ci-C4alkyl, 
benzyl or phenyl. Special preference is given to Rs and R9 being methyl, tert-butyl or benzyl, 
more especially methyl. 



Spedal preference is given to Yi and Y2 being each independently of the other hydrogen or 

together fonming a radical of fonnnula (5). 

Very special preference is given to Yi and Y2 being hydrogen. 
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Suilable phosphorus derivative radicals for are the radicais of phosphorus compounds 
customary for that purpose. Special preference Is given to radicals of fiormula (6) 

(6) 

wherein 

Rio and Rn are each independentty of the other an unsubstituted or substituted aromatic 
radical, for example phenyl, benzyl, naphfhyl, preferably unsubstituted or substituted phenyl, 
especially unsubstituted phenyl. 

As phosphonate esters, special preference is given to radicals of formula (7) 
(7) 

wherein 

Ri2 and Rn are each independently of the other an unsubstituted or substituted Ci-Csalkyt. 
especially methyl or ethyl. 

As triarylphosphines, special preference is given to radicals of formula (8) 

-P{R^h (8) 
wherein 

Ri4 is an unsubstituted or substituted aromatic radical, for example phenyl, benzyl or 
naphthyl, preferably unsubstituted or substituted phenyl, especially unsubstituted phenyl. 

As compound of formula (2) there is preferably used a compound of formula (9) 

X 



9. 



wherein 

X2 has the definitions and preferred meanings mentioned above. Special preference is given 
to X2 toeing a radical of a phosphine oxide, of a triarylphospMne or of a phosphonate est^ 
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having the definitions and preferred meanings noentioned above. Very special preference is 
given to X2 being a radical of a phosphine oxide of formuia (10) 



The compounds of formula (2) virtierein X2 is a radical of a triaryfpliosphine or of a 
phosphonate ester, for example having the above-mentioned definitions and preferred 
meanings for radicals of a triaiylphosphine or of a phosphonate ester, are novel, and the 
present invention relates also thereto. 

As compound of formuia (3) there is preferably used a compound of formula 



wherein Re, R9 and X, have the definitions and preferred meanings mentioned above. 
Special preference is given to Re and R9 being methyl, tert-butyl or benzyl, very especially 
methyl, and preference is given to Xi being Ci-Calkyt, preferably butyi and especially tert- 
butyl. 

The compounds of formula (3) are known and are described in. for example, EP-A-319 847. 

Very special preference is given to the use of the compound of formula (11) together with a 
compound of formula (9). 

In the preparation of the compound of formula (1) it is generally immaterial in which order the 
compounds of formulae (2) and (3) are brought into contact with one another. However, it 
has proved advantageous to use the compound of formula (2) as initial charge and then to 
add the compound of formula (3). 




(10). 





(11) 
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The reaction is generally carrfed out in the presence of a solvent Suftat)le solvents are, for 
example, inert organic solvents such as ethers, e.g. diethyl ether, methyl methy! ether, ethyl 
methyl ether or cyclic ethers, e.g. tetrahydroluran, or nitrQes. e.g. aoetonttrae, or amides, e.g. 
dimethylformamide, or mixtures of organic solvents. A preferred solvent is tetrahydroluran. 

It has proved advantageous to carry out the reaction in the presence of a base. Suitable 
bases for that purpose are, for example, amines, e.g. lithium diisopropytamine or lithium 
hexamethyipyrimidine, alkali metals, e.g. sodium or potassium, or amides, e.g. sodium 
bis(tr{methyls3yl)amide or sodium diethylamide, preferably sodium bis(lrimethylsDyt)amide. 

The reaction temperature is usually in the range from -80*C to 25"C. 

The addition of the one starting compound to the other is prefierabty carried out at a 

temperature in the range from -75'C to -40**C. It has proved advantageous to Increase the 
temperature at the end of the reaction to a temperature in the range from O^C to 25^C. 

The reaction time is dependent on the reaction parameters, such as temperature, and is 
usually in the range from one hour to 6 hours. 

The ratio of the concentrations of compound of formula (3) to compound of formula (4) is 
usually in the range from 1.5:1 to 1:1.5, preferably in the range from 1.2:1 to 1:1.2. 

Usually, the reaction mixture obtained is worked up and, optk)nally, purified and isolated. 

Working -up is generally canied out by bringing the reaction mixture into contact with an 
aqueous acid solution and separating off the organic solvent phase. 
Separating off the organic solvent is carried out using customary methods, such as by 
separating the organic and aqueous phases or distilling off the organic solvent. 

The organk; phase containing the desired product is generally purified by colunrm 
chromatography on silica gel. Hexane:ethyl acetate in a ratio of 8:1 has proved suitable for 
that purpose. 

The compound of formula (2) is obtained from a carboxylate of formula (16) 
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(16). 



wherein 

Ri, R2> Rs and R4 have the definrtions and preferred meanings given above and Re is an 
organic radical, 

whfch is first reduced and is then converted, in one or more steps including substitution of the 
hydroxyl group resulting from the reduction, Into the compound of formula (2) (see, for 
example, WO 00/49014; US-6 160 115). 

In the present invention preference is given to a process for the preparation of compounds of 
formula (2), and to the process according to the invention comprising the preparation thereof, 
which comprises bringing a compound of formula (12) 



wherein Ri, R2, R3 and R* are as defined hereinbefore for compound (1) and halogen is 
especially chlorine, bromine or iodine, preferably bromine, 
into contact with a phosphorus derivative. 

The reaction of the compound of formula (12) with a phosphorus derivative resulting in a 
compound of formula 



wherein Phos is the radical of a phosphoais derivative, can be carried out by methods 
generally customary for the preparation of compounds substKuted by phosphorus derivatives 
in an inert, preferably hydrocarbon-containing, solvent such as toluene or in a halogenated 




(12). 
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solvent such as carbon tetrachloride, chloroform, chlorobenzerte or dichtorot>enzene. The 
reaction with the phosphorus derfvative is generally carried out at a temperature in the range 
from 20''C to 100*^0 (in the case of ethyl diphenyl phosphinite in the range from 40**C to 
BQ'C). 

Phos is prefeFat)}y the monovalent radical of a phosphfine oxide, of a phosphonate ester or of 
a phosphonium salt. 

Special preference is given to phosphine oxide radicals of formula (13) 
(13) 

wherein 

Rio-and Rti are each independently of the other an unsubstituted or substituted aromatic 
radical, for example phenyl, benzyl, naphthyl. prefarably unsubstituted or substituted phenyl, 
especially unsubstituted phenyl. 

Special preference is given to phosphonate ester radicals of formula (14) 
(14) 

wherein 

R12 and Ri3 are each independently of the other an unsubstituted or substituted Ci-Csalkyl* 
especially methyl or ethyl. 

As radicals of triarylphosphonium salts, special preference is given to those of formula (15) 

(Ri4)3P*- (X ) (15) 

wherein 

Ri4 is an unsubstituted or substituted aromatic radical, for example phenyl, benzyl, naphthyl, 

preferably unsubstituted or substituted phenyl, especially unsubstituted phenyl, and 

X" is an anion, for example a halide, especially bromide, chloride or iodide. 

A phosphonium salt Is. for example, a triarylphosphonium salt or a trialkylphosphontum salt, 

especially a tn'phenylphosphonlum salt 
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Phosphoais derivatives pieferably used in the above reaction are, for example, a 
triarylphosphine, especially trfphenylphosphine, or a suitable phosphinfte, for example a 
CrCgalkyI diphenyl phosptiinite. e.g. methyl diphenyl phosphinite, ethyl diphenyl phosphlnite. 
propyl diphenyl phosphinfte. butyl diphenyl phosphlnile, pentyl diphenyl phosphinfte or hexyl 
diphenyl phosphinfte; or tfialkyi phosphinites, resulting in the corresponding phosphonate 
esters. 

Special preference is given to a phosphine oxide, and very special preference is given to 
ethyl diphenyl plxisphinfte. 

In the present invention preference is given to a process for the preparation of compounds of 
formula (12), and to the process according to the invention comprising the preparation 
thereof, which comprises reducing a compound of fonnula (16) 



wherein 

Ri. Rz, R3 and R4 have the definitions and preferred meanings mentioned above and Re is an 
organic radK^ai, 

to form the compound of formula (17) 



wherein 

Ri. Ra. R3 and R4 have the definitions and preferred meanings mentioned above, and 
then halogenating compound (17), 




(16). 




(17). 



The reduction of the compound of fonnula (16) to the compound of fonnula (17) can be 

carried out analogously to known methods of reducing esters to alcohols, as are described 
in, for example, EP-A-521 471 . For the reduction there come into consideration, for example. 
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reducing agents such as dfisobutylafuminhiin hydride (DIBAL), sodium borohydride (NaBH*) 
or lithium aluminium hydride (LAH) in an inert solvent such as an ether, espectally 
tetrahydrofuran, or toluene, at from -yOX to 50^C. 

The halogenation of the compound of formula (1 7) to form the compound of formula (12) can 
be carried out by generally customary methods. For the halogenation, mention may be made 
of, for example, Brown, in Patai. Ref. 426, pi1. pp 595-622. For the halogenation there come 
into consideration, for example, halogen adds, e.g. IHF, HO, HBr and HI, and also inorganic 
add halides, e.g. SOCI2, SF4. PCI5, POs. PBra, POOs, in an inert, preferably halogenated, 
solvent, e.9. carbon tetrachloride, chloroform, dichloromethane, chlorobenzene or 
dichlorobenzene, or also HMPT. Bromlnatlon is generally carried out at a temperature of 
from -S'C to 25'C. in the case of PBh at about firom 20"C to 25*C. 

The.compounds of formulae (16) and (17) are known and are described in, for example, 
EP^A-521 471. 

According to the invention, the compound of formula (16) is prepared by oxidteing a 
compound of formula (18) 



wherein 

F^i. F^, Rs and Re have the definitions and preferred meanings mentioned above, 
which ts then converted, using a primary amine, into the compound of fonmula (20) 




wherein 



Ri, R4 and Rs have the definitions and preferred meanings mentioned above, and 

R5 is an organic radical. 

to form the compound of formula (19) 




[ 
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Ri. R4» Ri and Re have the definitions and prefierred meanings mentioned above, 
and 

then bringing the compound of formula (20) into contact with a compound that introduces the 
sulfonyl group. 

The oxidation of the compound of formula (18) to form the compound of formula (19) can be 
carried out analogously to Icnown methods of oxidising sulfides to form sulfonyl groups as are 
described in, for example, EP-A-521 471. For the oxidation there come into consideration, for 
example, oxidising agents, e.g. S-chloroperoxybenzoic add, MCPBA, orquinones, e.g. 
chloranP (2,3.5.6-tetrachloro-1,4-benzoquinone) or DDQ (2,3-dichloro-5,6-dicyano-1,4- 
Iwnzoqulnone), in an inert soh/ent, for example an ether, especially tetrahydrcfuran, toluene 
or a halogenated hydrocarbon, e.g. methylene chloride, at from -70°C to SO'^C. 

The reaction of the compound of formula (19) with a primary amine to form the compound of 
formula (20) can be can-ied out by generally customary methods as are described in, for 
example. EP-A-521 471. The reaction is usually performed in the presence of a solvent such 
as an alcohol, e.g. methanol or ethanol, at from 0*C to 40'C, preferably from OX to 25'*C. As 
primary amine there is generally suitable any compound of formula R2-NH2. R2 having the 
definitbns and preferred meanings mentioned hereinbefore. 

The reaction of the compound of formula (20) with a compound that introduces the sulfonyl 
group to form the compound of formula (16) can be carried out by generally customary 
methods. For the sulfonation there may be mentioned, for example, S. Patai, The Chemistry 
of Sulphones and Sulphoxides, NY. 1998. As compounds that introduce the sulfonyl group 
there are suitable, for example, sulfonyl halides. e.g. methanesuifonic add chloride, 
methanesulfonic acid fluoride or ethanesulfonic acid chloride, or organic sulfonyl anhydrides, 
e.g. dimethylsulfonyl anhydride or diethyisulfonyl anhydride, in an inert solvent, for example 
an ether, e.g. tetrahydrcfuran, diethyl ether or dimethoxyethane, or a halogenated solvent, 
e.g. cartwn tetrachloride, chloroform, dichloromethane, chlorobenzene or dichlorobenzene, 
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or also HMPT. The sulfbnation is generaOy carried out at a temperature of from -20''C to 
25^C, in the case of methanesulfonic add chloride at about from -10X to 25*0. As the 
compound that introduces the sulfonyl group there is suitable, for example, a compound of 
formula Rs-SQrX* whereh X* is halogen or -O-SO^Rs and R3 has the definitions and 
preferred meannigs mentioned hereinbefore. 

tn the process according to the invention, compounds of formula (16) are prepared by 
aromatising the tautonteric mbdure of compounds of formulae (21) and (22) 



wherein Ri, R4, R5 and Re have the definitions and preferred meanings mentioned above. 

The oxidation of the compounds of compounds of formulae (21) and (22) to form the 
compound of formula (18) can be carried out by generally customary methods 
(aromatisation). For the aromatisation there may be mentioned, for example, Houben Weyl, 
Vol V/2b, page 107. For the aromatisation there come into consideration, for example, 
oxidising agents such as quinones, e.g. chloranil (2,3,5,6-tetrachIoro-1,4-benzoquinone) and 
DDQ (2,3-dichloro-5,6-dtcyano-1,4-benzoquinone), or metals, e.g. platinum, palladium or 
nickel, or suffiir or selenium or nitrite, optionatty in the presence of a solvent, for example a 
carboxylic acid ester, e.g. ethyl acetate, preferably a halogenated solvent, e.g. carbon 
tetrachloride, chloroform, dichloromethane. chlorobenzene ordichlorobenzene. The 
aromatisation is generally carried out at a temperature of from 0"C to 25*C, in the case of 
DDQ at about from 20'C to 25X. 

The compounds of formulae (21) and (22) are novel and the present invention relates also 
thereto. 

In the present inventton preference is given to a process for the preparation of compounds of 

formulae (21) and (22), and to the process according to the invention comprising the 
preparation thereof, which comprises etherifying a compound of formula (23) 
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s' 




(23) 



wherein Ri. R4 and Re have the definitions and preferred meanings mentioned above. 

The etherification of the compound of fbrmufa (23) to form compounds of formulae (21) and 
(22) can be carried out by generally customary methods as described in, for example, JACS» 
58, 1936, page 1 150. As reagents forming ether groups there come into consideration allcyl 
halides, e.g. methyl, ethyl, propyl, isopropyl, butyl, tert-butyl or pentyi halides, in a polar 
sohrent, for example an alcohol, e.g. methanol, ethanol, propanol, isopropancl, butanol, 
pentanol, or mixtures of alcohols, in the presence of a base, for example an alkali metal 
hydroxide, e.g. sodium or potassium hydroxide. The reac^n is generally carried out at a 
temperature of from O'^C to 2S''C, in the case of methanesulfonic add chloride, for example, 
at about from 20"C to 25"C. 

The compounds of formulae (23) are novel and the present invention relates also thereto. 

In the present oiventlon preference is given to a process for the preparation of compounds of 
formula (23), and to the process according to the invention comprising the preparation 
thereof, which comprises brvtging the compounds of formulae (24), (25) and (26) 



wherein 

Ri, R4 and Re have the definitions and preferred meanings mentioned at)ove, 
into contact with one another. 

The reaction of the compounds of formulae (24), (25) and (26) is carried out analogously to 
known methods as described in, for example, THL, 44. 2003, pages 857-859. 
The reaction is generally carried out in the presence of a Lewis acid catalyst As Lewis acid 
catalyst there is usually used a metal salt, e.g. TiCU, AlCb, CeCb or LaCb. The reaction is 
generally carried out in a solvent or solvent mixture. As solvents, preference is given to polar, 




and 
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protic solvents or solvent mixtures, for example alcohds, e.g. methanol, ethanol, propanoic 
isopropanol, tujtanol. tert-butanol. pentanol, hexanol. and also ethers, e.g. diethyl ether or 
diisopropyl ether. The reaction temperature selected is usually in the region of the boiling 
point of the solvent or solvent mixture. 

The compounds of formulae (24), (25) and (26) usually are commercially ava3at)le. 

Preference is furthermore given to a variant of the process according to the InventKin 
wherein, following preparation of the compound of formula (4), the radicals and Y4 are 
converted into the radicals Y^ and Yj denoting hydrogen. That removal of the protecting 
groups can be carried out In conventional manner, for example by reaction under basic or 
add conditions. Preference is given to carrying out removal of the protecting groups following 
preparation of the compound of formula (4). 

Preference is also given to a variant of the process according to the invention wherein, 
following preparation of the compound of formula (4), the radical Xi is converted to denote a 
catfon. Conversion of the radical to denote a cation is earned out before, at the same time as 
or fbltowing removal of the radicals Ys and Y4; prefisrence is given to reacting the radical Xi 
following removal of the radicals Y3 and Y4. 

Special preference is given to the process according to the invention for the preparation of 
the compound of formula (1) which comprises converting the compound of formula (4) 



wherein 

Ri. R2. Ra. Xi, Y3 and Y4 have the definitions and preferred meanings mentioned above, 
Into the compound of formula (27) 
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(27). 



wherein 



Ri. R2« Ra* R4, Xi, Yt and Y2 have the definitions and preferred meanings given above, 
and hydirotysing the compound of formula (27) to form the compound of formula (28a} 



wherein 

Xi is a cation; preferably a pharmacologically non4oxk>«alt-formlng cation, alkaK metal 
cation, alkaline earth metal cation or ammonium ion, especially an alkali metal cation or 
alkaline earth metal cation, more especially sodium or calcium, and very especially calcium. 

The hydrolysis can be carried out, for example, try means of conventional basic hydrolysis of 
esters. For that purpose, for example, the compound of formula (27) is treated with about 
one mole of an inorganic base, for example an alkali metal hydroxide, e.g. potassium 
hydroxide or, especially sodium hydroxide, in a mixture of water and a water-miscible organic 
solvent, for example a lower alcohol or an ether, e.g. methanol, ethanol or tetrahydrofuran. at 
a temperature of, for example, from O'C to QO^C. Freeze-drying can then be carried out In 
order to fonm the free acid, the ester can also be hydrolysed in an acid medium, in whk:h 
case the hydrolysis can be carried out acxx)rding to methods known perse. Preference is 
given to hydrolysis, especially using sodium hydroxide, carried out following preparation of 
the compound of formula (27). 




Very special preference is given to the process according to the invention for the preparation 
of the compound of formula (1), which comprises converting the compound of formula (4) 
into a compound of formula (27) and then hydrolysing the compound of formula (27) 
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(27), 



wherein 



Hit Rz. Ra. R41 Xi, Yi and Y2 have ihe definitions and preferred meanings mentioned above, 
to form the compound of fomiiila (28b) 



wherein 

Xi is an alkali metal cation, espectaRy sodium, and 

then converting (he compound of formula (28b) into a different alkaline earth metal salt, 
especially the calcium salt, of the compound of fomnula (1), 

Very special preference is given especially to the processes according to the invention for 
the preparation of the compound of formula (1) 



Converting the compound of formula (28b) into the salt form that is the compound of 
formula (1) is carried out in accordance with generaJly customary methods of converting one 
salt into another. Usually, the alkali metal salt of the compound of formula (28b) is dissolved 
in water and is then reacted with the desired salt, for example calcium chloride. The calcium 
salt of the compound of formula (1) can usually be isolated by flltratton and subsequent 
drying. 




F 




(1). 
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Depending on (he optical purity of ttie compound of fonrnda (3) used, the compounds of 
fommjia (1) can be obtained In the form of racemates or also stereoisomerically pure 
compounds. Stereoisomencally pure compounds are to be understood here and hereinafter 
as those that are present to at least 60 %, preferably 80 % and espedaity 90 %» in pure form. 
Special preference is given to these being present to at least 95 %, preferably 97.5 % and 
especially 99 %. in stereoisomeric^ly pure form. 

Accordingly, when appropriate stereoisomerically pure compounds of formula (3) are used, 
compounds of fonnula (1) can be obtained In pure form, especially in the following (3R.5S) 
configuration: 



(la). 

As further stereoisomers there may be mentioned those having the corresponding (5R.3S). 
(3R,5R) and (3S.5S) configurations. 

When a racemate is used as the compound of formula (3), racemate separalbn can be 
carried out following the preparation of the compound of formula (1). The racemate can be 
separated Into the optically pure enantiomers. for example by means of the known methods 
of enantiomer separation, e.g. by means of preparative chromatography on diiral supports 
(HPLC) or by esterification and crystallisation using optically pure precipitating agents, e.g. 
using D -(-) or L -(+)-mandelic acid {+)- or {-)-1Q-camphorsulfonic add. 

The present invention relates also to use of the compound of formula (2) and/or of the 
compound of fomnula (12) and/or of the compounds of fonnuiae (21) and (22) and/or of the 
compound of formUa (23) in a process for the preparation of a compound of formula (1). 




The following Examples illustrate the Invention: 
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Examole 1: 

4-(4-Ruoro-^3henvlV6-isoDropvl-2-thibx(>-1.Z34-tetrahvdnM)v^ 
methyl ester (29) 



Methyl isobulyryl acetate (21 .6 g, 0.15 mol). thiourea (14.9 g. 0.2 mol), lanthanum chloride 
heptahydrate (21.5 g. 75 mmol) and hydrochloric acid (37 %, 1 ml) are added to a solution of 
p^uorobenzaldehyde (18.6 0.15 mol) in 300 ml of ethanol. The reaction mixture is 
refluxed for 16 hours and is then poured into 500 ml of hot water. Cooling to 0*C is canied 
out, with stirring, the product precipitating out in the form of a cotauriess powder. After 
filtration, washing (with H2O) and drying in a drying oven (at 50X), 41 .5 g (90 %) of the 
compound of formula (29) can be obtained. 

*H NMR (300 MHz, CDCI3): 1.12-1.22 (m. 6H); 3.59 (s. 2.4H); 3.69 (s, 0.6H); 4.02-4.18 (m. 
1H); 5.05 (d, J = 3.2 Hz. 0.2H); 5.33 (d, J = 3.2 Hz, 0.8H); 6.90-6.97 (m, 2H); 7.05-7.10 (m, 
0.2H); 7.16-7.22 (m, 0.8H); 7.60 (s, br, 0.8H); 7.84 (s, br. 0.3H); 8.31 (s. br, 0.2H); 8.36 (s. br. 
0.6H). 

Example 2: 

6-(4~FluoroHJhenvlV4-{sopropvl-2-methvlsulfanvt-1.6-dihvdro-pvrimldine-5-carboxvlic acid 
methyl ester, in the form of a tautomeric mixture, compounds of formulae (30) and (31) 



Potassium hydroxide (10.5 g, 0.16 mol) and methyl iodide (10 ml, 0.16 mol) are added, at 
room temperature, to a solution of the compound of fomnula (29) (41 .5 g, 0.135 mol) in 
methanol (600 ml). The mixture is stirred at 22*C for 2 hours and then concentrated using a 
rotary evaporator. The crude product is taken up in 400 ml of methylene chloride and then 
filtered. The crude product - compounds of formulae (30) and (31) - is used immediately in 
the next step (see Example 3) without being worked up. 




(29) 




(30) 



(31) 
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Example 3: 

4-(4-^uoro^3he^vl)-6-isop^opvl«2-methv^su!fanvl-pvrim^dine-^^ add methvl 
ester (32) 




DDQ (30.6 9* 0.135 mol) is added, at room temperature, to the above methylene chloride 
solution of compounds of formulae (30) and (31), and the mixture is stirred at room 
temperature for 16 hours. The crude product - the compound of formula (32) - is filtered over 
Celite, and the brown solution obtained is used immediately in the next step (see Example 4) 
without being worked up. 



Example 4: 

4>(4-Ruoro-phenvlV6"isopropvl-2-methanesulfonvl-pvrimidine-6-carboxvlic add methvl 

am 




^> (33) 
3-Chiorop&roxybenzoic acid, MCPBA. (70 %, 83.2 g, 0.338 mol) is added, at room 
temperature, to the above methylene chloride sdution of the compound of formula (32) and 
stirring is carried out for 1 hour. The reaction mixture is then poured into 500 ml of saturated 
sodium carbonate solution and 200 ml of water and is again stirred for 0.5 hour. The organic 
phase is then separated off, dried (using Na2S04) and concentrated by evaporation. 46.3 g of 
the desired produd - the compound of formula (33) - can be obtained in the form of a yellow 
solid in a yield of 100 % (over three steps). 

NMR (300 MHz. CDCb): 1.30 (d, J = 6.7 Hz, 6H); 3.10-3.22 (m, 1 H); 3.35 (s, 3H); 3.75 (s, 
3H); 7.09 (dd, J = 8.5, 8.5 Hz. 2H); 7.68 (dd. J = 8.8. 5.2 Hz. 2H). NMR (75 MHz, CDQa): 
22.0, 34.1, 39.3. 53.6, 116.2 (Jcf = 21.8 Hz). 126.7. 131.1 (Jcf = 8.9 Hz); 132.3 (Jcf = 
3.2 Hz). 163.8, 164.3 (Jcf = 252 Hz), 165.6. 167.1, 175.8. 
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Example 5: 

4-(4-Ruoro-phenvlV^(soproDvl-2-methvlam!no-DwimidliTe-5-^^ acid methvi ester (34> 




(34) 

Methylamlne (8M in ethanol, 42 ml, 0.338 mol) is added, at OX, to a soluUon of the 
compound of formula (33) (48 g, 0.135 mol) in ethanol (500 ml). The mixture is wanned to 
room temperature and is stirred at room temperature for 1 hour. Concentration is then carried 
out using a rotary evaporator, and the concentrated residue that remains is then taken up in 
ether and subsequently washed twice with water. The organic phase is separated off, then 
provided with Na2S04 and stinred at room temperature. The mixture is filtered and the filtrate 
obtained is concentrated by evaporation. In that manner, 30.6 g (80 %) of the compound of 
formula (34) can be obtained In the form of a brown oil which crystallises at room 
temperature. 

NMR (300 MHz, CDCI3): 1.25 (d. J = 6.6 Hz, 6H): 2.90 (d. br, J = 3.8 Hz, 3H): 3.10-3.22 

(m, 1H): 3.58 (s. 3H); 5.83 (s, br, 1H); 7.06 (dd, J = 8.5, 8.5 Hz); 7.55 (dd, J = 8.2, 5.5 Hz, 
2H). ^^C NMR (75 MHz, CDCI3): 22.0, 28.4, 33.3. 52.3, 115.4 (Jcf = 21.6 Hz). 130.1 (Jcf = 
8.4 Hz), 135.5 (Jcf = 3.2 Hz), 1624, 163.6 (Jcf = 249 Hz), 164.3, 169.8, 175.0. 

Example 6: 

4'(4-Fluoro-phenvl)-6-isopropvl-2-(methanesulfonvl-nr>ethvl-amino)-pvrimtdine-5-carboxv]ic 
acid methvi ester (35) 




(35) 

Sodium te/^-pentoxide (22.1 g, 0.2 mol) is introduced into dimathoxyethane (250 mi) under 
argon, and the compound of formula (34) (30.3 g. 0.1 mol) is then added. Stirring is canied 
out at room temperature for 0.5 hour, cooling to -10*C is then carried out and mesyl chloride 
(23 g, 0.2 mol) is added. Stirring is canied out at-10*C for a further 0.5 hour and the 
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reaction mixture is then added to 200 mt of water. The mixture is diluted with ether, and the 
organic phase is separated off. The organic phase fe washed twice with water and then dried 
using Na2S04. The satt mixture is filtered off and the filtrate is concentrated by evaporation. 
The residue is suspended in a mbdure of hexane/acetone (6:1, 40 ml). The beige powder is 
filtered off and dried. In that manner, 29 g of the compound of formula (35) (76 %) are 



NIWR (300 MHz, CDCI3): 1.32 (d, J = 6.7 Hz. 6H); 3.16-3.24 (m. 1 H); 3.51 (s, 3H); 3.60 (s. 
3H). 3.71 (s, 3H); 7.13 (dd. J = 8.8. 8.8 Hz. 2H); 7.67 (dd. J = 8.8, 5.3 Hz. 2H). «C NIWR 
(75 MHz, CDCia): 22.2, 33.4, 33.7, 42.8. 53.0. 116.0 (Jcf = 21.9 Hz), 119.0. 130.6 (Jcf = 
8J Hz). 134.0, 158.7. 163.3. 164.2 (Jcf = 251 Hz), 168.8. 174.9. 

Example 7: 

AM4-(4-nuoro-phenvt>-5-hvdroxvmethvl-6-isoDroDvi-ovrimidin-2->vn-AAmethvl- 
methanesulfonamide (36) 



DIBAL solution (1M in hexane, 270 ml, OJ27 mol) is added dropwise, at-10'C. to a solution 
of the compound of fonnula (35) (29 g, 0.076 mol) in toluene (250 ml). The mixture is 
subsequently stirred at -10*C for a further 1 hour. After adding 2 ml of methanol, the mbdure 
is warmed to room temperature and is added dropwise to a wann (40"*C) solution of HQ 
(37 %, 50 ml) and water (90 ml). Stimng Is carried out at 40°C for 20 minutes, followed by 
coolffig to room temperature, separating off the organic phase and diying (using Na2S04). 
The salt mixture is filtered off and the filtrate is concentrated by evaporation. The residue is 
concentrated by evaporation. In that manner, 27 g (100 %) of the alcohol (36) are obtained in 
the form of a yellow oil which crystalltses at room temperature. 

^H NMR (300 MHz. DMSO-dg): 1.26 (d, J = 6.3 Hz, 6H); 3.44 (s. 3H): 3.50-3.60 (m. 1H); 3.54 
(s, 3H); 4.43 (d, J = 4.2 Hz, 2H); 5.41 (t. J = 4.4 Hz. 1H); 7.33 (dd. J = 8.8. 8.8 Hz. 2H); 7.84 
(dd. J = 8.8. 5.6 Hz. 2H). '^C NMR (75 MHz, DMSO-de): 22.8. 31.6, 34.0. 42.4. 56.6, 115.9 
(Jcf = 21.6 Hz). 122.6, 132.2 (Jcf = 8.7 Hz). 134.8 (Jcf = 3.2 Hz). 157.9, 163.6 (Jcf = 
247 Hz). 165.6, 177.8. 



obtained. 




(36) 
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Exampte 8: 

AA45-BromomethvM-<44tuonMjhenvlV6-isopfDPvl-p^^ 
methanesutfonamide (37^ 




(37) 

Phosphorus tribromtde (6.2 g, 0.023 mol) is added to a solution of the compound of 
formula (36) (16.2 g, 0.046 mol) in dichloromethane (160 ml). Stirring is carried out at room 
temperature for 1 hour and 150 ml of water are then added. The organto phase is separated 
off and dried (using Na2S04). The salt mixture is filtered off and the filtrate Is concentrated by 
evaporation. By that means. 15.7 g (^ %) of the bromide (37) can be obtained in the form of 
a yellow powder. _ . _ 

NMR (300 MHz. CDOz): 1.36 (d. J = 6.6 Hz, 6H); 3.40-3.36 (m* 1H); 3.48 (s. 3H); 3.54 (s. 
3H); 4.47 (s, 2H): 7.18 (dd, J = 8.8, 8.8 Hz, 2H); 7.78 (dd, J = 8.8. 5.3 Hz. 2H). NMR 
(75 MHz, CDCI3): 22.3, 28 0, 32.0, 33.5, 42.8. 1 15.9 (Jcf = 21.9 Hz), 1 19.6, 131.0 (Jcf = 
8.4 Hz), 133.8 (Jcf = 3.5 Hz), 158.2, 163.8 (Jcf = 250 Hz). 165.8. 177.6. 

Example 9: 

A/45-(Diphenvl-phosphirK>vtmethvlV4-(4-fluoro-phenvi)-6-isopropvl-pvrimidin-2-Yfl-A/-methvi- 
methanesutfonamide (38) 



^'9 



CH, H,C ^3Qj 

Ethyl diphenyl phosphinite (12.6 g, 55 mmol) is added, at 60X and under argon, to a 
solution of the compound of formula (37) {^52 g. 36.6 mmol) In toluene (370 ml). The 
reaction mixture is stirred at eo'^C for 3 hours and then concentrated. The residue is 
dissolved in 10 ml of toluene, and 10 ml of hexane are added, the product precipitating out in 
the form of a colourless powder, which is filtered off. In that manner, 14.3 9 (73 %) of the 
phosphine oxide (38) can be obtained. 
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NMR (300 MHz. CDCb): 1^ (d, J = 6.7 »z, 6H); 3.32-3.45 (m, 1H); 3.41 (s. 3H): 3.47 (s. 
3H); 3.89 (d. J = 12.9 Hz, 2H); 6.86 (dd. J = 8.7, 8.7 Hz, 2H); 7.09 (dd. J = 8.6, 5.3 Hz, 2H); 
7.27-7.45 (m. 10H). ^^C NMR (75 MHz. CDOs): 22.1, 30.0 (Jcp = 64.8 Hz). 33.1. 33.5, 42.7. 
114.1 (Jcp = 8.2 Hz). 115.5 (Jcf = 21.7 Hz). 128.8 (Jcp = 11.8 Hz), 130.9 (Jcp = 9.3 Hz), 
132.1 (Jcf = 8.4 Hz). 13Z1 (Jcp = 2.9 Hz). 133.3. 134.7 (Jcp = 2.3 Hz), 157.3 (Jcp = 2.3 Hz), 
162.9 (Jcf = 249 Hz). 166.3 (Jcp = 4.6 Hz). ^'P NMR (121 MHz. CDOg): 27.7. 

Example 10: 

(642>r4-(4-Ruoro-ohenvlV^isopropvl-2-(methanesulfonvl-methv<'aminoVovrimi^ 
vinvl)-2.2-dimethvl-ri.31dioxaiv4-vt)"acetic acid te/f-buivf ester (39) 



Sodrum bls(triniethylsByt)amide (1M in tetrahydrofuran, 23 ml) is added dropwise, at-74°C. 
to a suspension of the oompoond of fonnuia (36) (12 g. 22.3 mmol) in tetrahydrofuran 
(130 ml). Stirring is carried out at -74*C for 1 hour and then a solution of the compound of 
formula (40) 



(6.9 g, 26.8 mmol) in toluene (28 ml) is added dropwise. Stirring is then carried out at ~74*'C 
for 1 hour, then warming to 10*C over the course of 1 hour and stirring for a further 1 hour at 
that temperature. A mixture of acetic acid (2 ml) and water (8.4 ml) is added, at lO'C. to the 
resulting yellow suspension and stirring is earned out at room temperature for 5 minutes. The 
tetrahydrofuran is then distilled off, and. at40'*C, 45 ml of water are added to the reaction 
mixture and vigorous sUm'ng is carried out for 5 minutes. The aqueous phase is separated off 
and a solution of sodium hydrogen carbonate (2.27 g) In water (45 ml) is added to the 
organic phase. Vigorous stirring is again carried out for 5 minutes and then the aqueous 
phase is removed again. The organic phase is diluted with 250 ml of toluene, washed 
successively with water and saturated sodium chloride solution and dried (using Na2S04). 
The salt mixture is filtered off and the filtrate is concentrated by evaporation. The 
concentrated residue is then purified by column chromatography on sOica gel (hexaneiethyt 



F 




(39) 
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acetate 8:1). 2.59 g (61 %) of the desired product (39) can be otitained in the fonn of 
colouriess crystals. 

*H NMR (300 MHz, CDQa): 0.91-1.08 (m, 1H); 1.20 (d, J = 6.7 Hz. 6H); 1.24 (s. 3H); 1.38 (s. 
9H); 1.41 (s, 3H); 1.41-1.56 (m, 1H); Z21 (dd, J = 15.2, 7.9, 1H); Z35 (dd. J = 15.0, aO Hz, 
1H); 3.27-3.37 (m. 1H): 3.43 (s. 3H); 3.52 (s, 3H); 4.17-4.24 (m, 1H); 4.47-4.53 (m, 1H); 5.43 
(dd, J = 16.4, 5.5 Hz, 1H); 6.55 (dd, J = 16.1. 0.8 Hz. 1H); 7.24 (dd, J = 8.8. 8.8 Hz, 2H); 7.65 
(dd, J = 8.8. 5.6 Hz. 2H). NMR (75 MHz, CDO^): 18.7, 20.6, 20.7. 27.0. 29.0, 30.9. 32.0, 
35.0. 41 .3. 41.4. 64.8. 68.1. 79.6, 97.7. 113.7 (Jcf = 21.7 Hz), 120.0, 122.0. 131.0 (Jcf = 
8.4 Hz), 133.2 (Jcf = 3.2 Hz), 136.3. 156.0. 162.0 (Jcf = 249 Hz), 162.2. 168.8, 173.6. 

Example 11: 

7-r4-(4-Fluoro-phenvlV6-isopropvl-2-(methanesutfonv!-methvl-amirK>V^)vri^ 
dihvdroxv-hept-6-enoic add te/f-birtvl ester (41^ 



A solution of the compound of formula (39) (7.0 g, 12.1 mmol) and camphor-10-sulfonic add 
(2.4 g. 10.4 mmol) in acetonitrile (50 mi) and water (5 ml) Is stirred at room temperature for 
30 minutes. It is then diluted with ether and washed successively with saturated sodium 
hydrogen carbonate solution and brine. The organic phase is dried (using Na2S04). The salt 
mixture is filtered off and the filtrate obtained Is concentrated by evaporation. The 
concentrated crude product is dissolved in ethyl acetate and made to crystallise by adding 
hexane. In that manner. 1 .6 g (57 %) of the desired product (41 ) can be obtained in the form 
of colourless ciystafs. 

'H NMR (300 MHz. DMSO-de): 1.22 (d. J = 6.7 Hz, 6H); 1.32-1,44 (m. 1H); 1.38 (s, 9H); 
1.49-1.59 (m, 1H): 2.20 (dd. J = 15.0, 7.9 Hz, 1H); 2.28 (dd. J = 15.0, 5.3 Hz, 1H); 3.39-3.47 
(m. 1H); 3.44 (s, 3H); 3.53 (s, 3H); 3.74-3.85 (m, 1H); 4.14-422 (m, 1H); 4.64 (d, J = 5.3 Hz, 
1H); 4.89 (d, J = 4.7 Hz, 1H); 5.51 (dd, J = 16.1. 5.6 Hz. 1H); 6.51 (dd, J = 16.1, 1.2 Hz, 1H); 
7.25 (dd. J = 8.8, 8.8 Hz, 2H); 7.70 (dd, J = 9.1. 5.6 Hz. 2H). ^^C NMR (75 MHz, DMSO-de): 
22.4, 28.6. 32.1, 34.0. 42.4, 44.4. 44.9. 65.9, 69.2, 80.2. 115.7 (Jcf = 21.7 Hz), 122.1, 12Z4, 
132.8 (Jcf = 8.7 Hz), 135.1 (Jcf = 3.2 Hz). 141.9. 157.4. 163.2 (Jcf = 249 Hz), 163.4. 171.1, 
174.9. 




wo 2004/103977 



PCT/EP2004/050762 



-27- 



HPLC: Chiralcd OD (0.46x25 cm). hexane:EtOH 95:5, 1 ml/min, U - 1dJ2 min. 2 98 % ee. 
Example 12: 

7-r4-(4-F!uoro-phenvl>6-isoproDvl-2-(methanesulfomf^ 
dihvdrDxv-heDt-6-enolc add sodium salt (42> - 



A solution of the compound of formula (41 ) (4.2 g. 7.8 mmol) in ethanol (100 ml) rs added 
dropwise, at O'C, to a solution of sodium hydroxide (0.1 M in water, 76 ml). The Ice bath is 
removed and the reaction mixture is stirred at room temperature for 1 hour. The solvent is 
then drawn off using a rotary evaporator and the crude product is made to crystallise by 
adding ether, in that manner, 3.6 g (92 %) of the sodium salt (42) can be obtained in the form 
of a slightly yellowish powder. 

NMR (300 MHz. D2O): 1.14 (d, J = 6.7 Hz, 6H); 1.39-1.42 (m. 1H); 1.50-1.61 (m, 1H); 
2.10-2.24 (m, 2H); 3,21-3.38 (m. IN); 3.36 (s. 3H); 3.46 (s, 3H): 3.61-3.72 (m, 1H); 4.18-4.24 
(m, IN); 5.39 (dd, J = 8.5, 8.5 Hz, 2H); 7.40-7.49 (m, 2H). 

Rosuvastatin 

A solution of calcium chloride (1.35 g. 9.2 mmol) in water (20 ml) is added to a solution of the 
compound of formula (42) (4.63 g. 9.2 mmol) in water (90 ml). The mixture is stirred at room 
temperature for 2 hours, and the product is then filtered off, washed with water and dried 
under a high vacuum. In that manner, 2.8 g (61 %) of rosuvastatin (43) can be obtained In 
the form of a colourless powder. 



^H NMR (300 MHz. DMSO-de): 1.19 (d. J = 5.8 Hz, 6H); 1.20-1.55 (2xm, 2H); 1.98 (dd, J = 
15.0. 7.9 Hz. 1H); 2.12 (dd, J = 150. 2.6Hz, 1H); 3.30-3.42 (m, 1H); 3.42 (s. 3H); 3.52 (s. 



F 




(42) 
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3H); 3.68-3^2 (m, 1H); 4.12-4^4 (m, 1H); 5.00 (s. br. 1H); 5.50 (dd. J = 16.2, 5.6 Hz. 1H); 
5.89 (s, bf.1H); 6.48 (d, J = 15.8 Hz, 1H); 7.24 (dd, J = 8.8. 8.8 Hz. 2H); 7.68 (dd, J = 8.5. 
5.6HZ.2H). 
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- What is daimed b: 



1 . A process for the piBparation of a compound of formula (23) 




(23). 



whfch process comprises bringing the compounds of formulae (24). (25) and (26) 



wherein 

R4 is hydrogen, unsubstituled or substituted Ci-Csalkyl. Ci-Cealkoxy, phenoxy or benzyloxy, 
or hdlogen, and 

Ri and Re are each independently of the other an unsubstituted or substituted organic 
radical. 

into contact with one another. 

2. A process for the preparation of compounds of formula (21 ) and/or (22) 




o o 



(25) and 



S 



(26) . 




which process comprises etherlfying a compound of formula (23) 
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(23). 

in the above formulae the radicals Ri, R4 and Rs each being as defined in daim 1 and R5 
being an organic radical. 

3. A process for the preparation of a compound of fonnuia (18) 



6 



o 



(18). 



which process comprises aromatising a compound of formula (21) or (22) 



(21) (22) 
or a mixture of those compounds, the radicals R4, R5 and Re each being as defined in 
daim 2. 

4. A process for the preparation of a compound of formula (18) 




(18) 



wherein R^ R4 and Re are each as defined in daim 1 and Rs is an organic radical, which 
process comprises etherifying the product of the process according to daim 1 by means of a 
suitable organic halide Rs-Hai, wherein Hat is a halogen atom, and aromatising the resulting 
intermediate. 
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5. A process according to claim 4, wherein Ri is alkyl and R5 and Re are each independently 
of the other alkyl; alkenyl; alkynyl: phenyl; or phenyl further substituted by Ci>C4alkyl, 
Ci-C4alkoxy, nitro, halogen, hydroxy, phenyl, for example on the phenyl ring by Ci-C4alkyt or 
CfC4alkoxy or nttro or halogen or by hydroxy. 

6. A process according to daim 4, wherein the compound of formula (18) obtained Is 
subsequently 

(i) oxidised to form the compound of formula (19) 




(19); 

(ii) which is converted using the primary amine RrNHa into a compound of formula (20) 




(20); 
and 

(iii) the compound of formula (20) is brought into contact with a compound that introduces the 
sulfonyt group to obtain a compound of formula (16) 




(16). 

the compound that introduces the sulfonyl group preferably corresponding to fommjia 

Ra-SOrX*. wherein X* is halogen or -O-SO2-R3; 

and Ri. R4, Rs and Re each being as defined in daim 4; and 

R2 and R3 each independently of the other being defined as for R5. 



7. A process according to claim 6, wherein the compound of formula (16) obtained 
(iv) is reduced (0 the compound of formula (17) 



wo 2004/103977 



PCT/EP2004/050762 



-32- 




OH 



(17), 



and 



(v) that compound is sut>sequent]y converted into ttie compound of fonnula (2) 



wtierein 

Ri, R2, R3 and R4 are each as defined in daim 6, and 
X2 is the radical of a phosphorus derivative. 

8. A process according to claim 6, wherein the compound of formula (16) obtained 
(Iv) is reduced to the compound of formula (17) 



(v) that compound is sutisequently halogenated to form a oompound of formula (12) 




(2). 




and 




Ri> Rz. R3 and R4 each being as defined in daim 6. 
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9. A process according to daim 8. wherein the compound of fonmda (12) obtained 

(vi) rs brought into contact with a suitable phosphoais compound to obtain a compound of 

formuia (2) 



wherein 

Ri> ^2* Ra and R4 are each as defined in ciaim 8 and 
X2 is the radical of a phosphonjs derivative. 

10. A process according to claim 9, wherein a phosphine oxide, a phosphonate ester, a 
phosphine or a phosphonium salt is used as the phosphorus compound. 

1 1. A process according to claim 7. wherein the compound of formula (2) obtained 
is reacted with a compound of formula (3) 



to form the compound of formula (4) 



wherein 

Ys and Y4 are protecting groups, or Y3 and Y4 together are a protecting bridge, 

Xi is hydrogen, an organic radical or a cation. 
Ri. R2, R3. R4 are as defined in claim 7. 

and, optionally, the radicals Y3 and Y4 are converted into hydrogen to obtain a compound of 
fomnula (1) 




(2). 




(4). 
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(1). 



wherein X|, R,, R2, R3, R4 are as defined for formula (4), 

and. optionally, the radical Xi is converted to denote a cation, and/or the compound is 
converted into a pharmaceuticaily acceptable salt or addition product. 

12. A process according to daim 1 1 for the preparation of rosuvastatrn. 

13. A process according to either daim 11 or daim 12. wherein, following the preparation of 
the compound of formula (4), the radicals Ya und Y4 are converted into hydrogen and, when 
Xi is hydrogen or an organic radical, Xi is converted into a cation^ 

14. A compound of formula (2) 



Ri, R2 and R3 are each independently of the other an unsubstituted or substituted organic 
radical, 

R4 is hydrogen, unsubstituted or substituted Ci-Csalkyl. d-Csalkoxy. phenoxy or benzyloxy, 
or halogen, and 

X2 is the radical of a triarylphosphine or of a phosphonate ester. 
15. Compounds of formulae (21). (22) and (23) 




(2) 



wherein 




4 
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vvherein Rt and R4 are as defined in daim 14. and 

R5 and Re are each independentty of the other an organic radical. 

1 6. The use of the compound of formula (2) according to claim 14 andtor of the compounds 
of fomiulae (21), (22), (23) according to daim 15 in a process for the preparatbn of a 
compound of formula (1) 



wherein Yt and Y2 are each independently of the other hydrogen or a protecting group, or Yi 
and Y2 together are a protecting bridge, and 

Rir Ra and R3 are each independently of the others an unsubstituted or substituted organic 

radical, 

R4 is hydrogen, unsubstituted or substituted Cf-Csalkyt. CrCsalKoxy. phenoxy or benzyloxy. 
or halogen, and 

Xi is hydrogen, an organic radical or a cation. 

or of a pharmaceutically acceptable salt or addition product thereof. 




